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ABSTRACT 

The Central Carpathian Paleogene Basin 
(CCPB) lies within the West Carpathian Mountain 
chain and comprises the proximal facies of the 
West Carpathian Flysch Belt. This basin developed 
in a piggy-back position. It occupied the proximal 
zone of the accretionary wedge above the south- 

westward subducting oceanic slab, attached to the 
European Platform. The eastern part of the basin 
was affected by NE-SW compression, while its 
western portion was deformed by sinistral trans- 
pression. The tectonic events preceding and 
accompanying deformation of this basin must be 
related to convergent movements of the African, 
Apulian, and European plates. 

The morphology of the basin floor was con¬ 
trolled by pre-Senonian nappe emplacement in the 
Inner Carpathians and Senonian thrusting in the 
Pieniny Klippen Belt. The deposilional system was 
affected by shortening, uplift and shifting of the 
basin axis, which finally resulted in the termination 
of sedimentation during Oligocene-Egerian time. 

During the Paleogene-Karpatian period, the 
Pieniny Klippen Belt was detached from its sub¬ 
stratum and shortened together with the CCPB, the 
external parts of the accretionary wedge, the 
Flysch Belt, and the internal parts of the Foreland 
Molasse Basin. Maximum shortening occurred in 
the Pieniny Klippen Belt and the proximal parts of 
the Flysch Belt. During the Badenian, shortening 
was replaced progressively by NE-SW extension, 
which spread from the hinterland and accommo¬ 
dated frontal shortening. As subduction ceased in 
the western Carpathian arc during Late Badenian. 
Early Sarmatian and Middle Sarmatian times, 
extension vectors gradually changed to ESE-WNW 
orientation in response to subduction roll-back in 
the Eastern Carpathians. 

The CCPB has good quality seals, fair to poor 
quality reservoir units, and excellent to fair source 
rocks. Traps for hydrocarbons were formed before 
or contemporaneous with hydrocarbon maturation 
and expulsion. Maturation modeling in the basin is 
constrained by Middle Oligocene-Egerian and 
Eggenburgian-Karpatian thrusting, followed by 
uplift and erosion. 
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INTRODUCTION 

The Central Carpathian Paleogene Basin 
(CCPB) lies in the area of the West-Carpathian 
Mountain front (Fig. 1). The basin is bounded to 
the north by the Pieniny Klippen Belt and to the 
south by the Inner Carpathians (Fig. 2). This proxi¬ 
mal region of Paleogene flysch deposition under¬ 
went significant shortening and uplift. These 
kinematics and erosion caused a vertical loss from 
1 km in some areas to more than 2 km in other 
zones (Nemcok et al., 1977; Francu and Muller, 
1983; Korab et al., 1986). Thus, the sedimentary 
record of the CCPB lacks the record of the termi¬ 
nal basin-fill succession. The present Paleogene 
outcrops are preserved in several structural sub¬ 
basins which area separated by morphological or 
structural features, upheld by older rocks. 

During the past decade, the structural rem¬ 
nants of the original CCPB were the focus of 
numerous studies. The Zilina, Liptov, Poprad and 
Hornad depressions (Fig. 3) and other localities 
studied for their hydrothermal potential were ana¬ 
lyzed in detail by Salaga et al. (1976), Franko et al. 
(1984), Hanzel and Nemcok (1984) and Fusan et 
al. (1987). The hydrocarbon potential of the Sam- 
bron-Lipany region (Figs. 3 and 4) was explored 
and tested (Janku et al., 1987; Lesko et al., 1982, 
1983; Rudinec, 1984, 1987, 1989; Rudinec and 
Lesko, 1984). Indications of gas and oil were 
encountered in the Lipany prospect (Fig. 4) by the 
wells Lipany Li-1 (gas), Lipany Li-2 (oil, gas), 
Lipany Li-3 (gas), Lipany Li-4 (oil, gas), Lipany 
Li-5 (oil, gas), Sambron PU-1 (oil, gas), Saris S-l 
(gas), Plavnica PI-1 (oil, gas), Plavnica Pl-2 (oil) 
(Rudinec et al., 1988, 1989; Nemcok et al., 1977; 
Korab et al., 1986). Most of regions have insuffi¬ 
cient geochemical data coverage for detailed 
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FIG. 4. Occurrences of hydrocarbon deposits, most important boreholes in east¬ 

ern Slovakia (modified from Rudinec, 1989). 
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hydrocarbon evaluation. The Levoca Mountains 
have no reflection seismic coverage. 

Each of the cited structural basins was studied 
separately and attempts to integrate analyses of the 
CCPB are rare (Marschalko, 1978, 1981, 1982; 
Marschalko and Misik, 1976; Marschalko and 
Korab, 1975; Rakus et al., 1990). The goal of this 

paper is to determine the model of this frontier 
basin and to characterize its hydrocarbon habitat 
by applying play concept elements which have 
been documented in local publications and reports. 
Maturation modeling was carried out by means of 
BasinMod  software. 

Basin models were based on available lithos- 
tratigraphical, sedimentological and structural data 
collected by previous workers and the authors. 

Structural data include measurements of faults, 
slickenside striations, folds, extensional veins, 
determination of fault displacement (e.g. Hancock, 
1985; Petit, 1987; Means, 1987), measurement and 
determination of various fold parameters (Ramsay, 
1967; Ramsay and Huber, 1983), observation of 

faults, vein mineralization, and cross-cutting rela¬ 
tionships of all visible structures. Structural orien¬ 
tations were plotted on stereonets to analyze 
orientation patterns. 

Fault-slip data (several thousand measure¬ 
ments) from more than 200 localities in and adja¬ 
cent to the CCPB were used to determine 
palaeostress configurations. Inversion stress analy¬ 
sis was used to calculate principal stress orienta¬ 
tions, magnitude ratios, and fault-slip polyphase 
relationships for the different events (Carey and 

Brunier, 1974; Angelier and Mechler, 1977; Ange- 

lier, 1990; Hardcastle and Hills, 1991). Vein and 
fold data, indicating the approximate orientation of 
principal stresses, provided a check for the afore 
mentioned computations. 

Polyphase structural overprints were observed 
at most localities. A superposition of such struc¬ 
tures permitted to observe and plot the relative 
movement (stress configuration) chronology at 
each outcrop. Timing of tectonic events was deter¬ 
mined on the basis of the age of the deformed sedi¬ 
ments and other geological constraints. 

GEOLOGICAL DEVELOPMENT OF THE 
CENTRAL CARPATHIAN PALEOGENE 

BASIN 

Data 

The sedimentary fill  of the CCPB is represent¬ 
ed by the Podtatranska Group (Gross et al., 1984), 
summarized in the lithostratigraphic column given 
in Fig. 5. This sedimentary succession can be sub¬ 
divided into four formations and one member. 

The lowest unit of this succession is the mid¬ 
dle Eocene Borove Formation, representing a 
basal transgressive facies, which consists of locally 

FIG. 6 Schematic geological map of prc-Cenozoic units sub-cropping in the basin 

floor (after Keith et al., 1991). Explanations in Fig. 3. 
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FIG. 7a. Schematic thickness map of Central Carpathian Paleogene Basin fill  

(after Keith etal., 1991). 

FIG. 7b. Schematic contour map of Central Carpathian Paleogene Basin Boor 

(modified after Fusan et al., 1987). Numbers (in metres) indicate depth below the 

sea level. 

Source: MNHN. Pahs 
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FIG. 8. Lithofacies map of Central Carpathian Paleogene Basin fill  (after Keith et 

aL, 1991). 

derived breccia, conglomerate, polymict sandstone, 
siltstone, marl and limestone. It unconformably 
overlaps the pre-Senonian nappe structures of the 
Inner Carpathians (Andrusov et al., 1973; Biely, 
1989) which consist predominantly of Mesozoic 
carbonates (Fusan et al., 1987) (Figs. 3 and 6). 

The Borove Formation is conformably over¬ 
laid by the middle-upper Eocene Huty Forma¬ 
tion which consists primarily of claystone and 
siltstone, containing thin interbeds of fine- to medi¬ 
um-grained sandstone. This unit reflects the pro¬ 
gressive deepening of the basin. The “Menilit"  
facies, containing dark shale, which is best devel¬ 
oped in the Flysch Belt, is the richest source rock 

and represent a member of the Huty Formation. 
The upper Eocene Zuberec Formation con¬ 

formably overlays the fine-grained Huty deposits, 
indicating a change to a sandier, rhythmical flysch. 
The uppermost part of the basin-fill sequence is 
represented by the upper Eocene-lower 

Oligocene Biely Potok Formation which is a 
thick succession of siliciclastic flysch. 

Within this succession, elongate coarse-clastic 

and/or brecciated carbonate turbidite fans (locally 
referred to as Pucov Member) can be observed at 
several levels. The upper portion of the regressive 
facies of the basin-fill sequence is missing in most 
of the sub-basins. The thickness ot the various 
units is highly variable and is constrained by the 
morphology of the pre-Middle Eocene structures 
and the subsequent subsidence pattern of the basin 
(Figs. 7a, 7b and 8). The geometry of the basin is 

asymmetrical, with the deepest parts located along 

the Pieniny Klippen Belt (Fig. 9). 
Sedimentation commenced in the CCPB con¬ 

temporaneously with the development of the 
Carpathian arc. During the Eocene to middle 
Miocene period, the western part of the Carpathian 
orogenic belt advanced northeastwards above the 
southwestward subducting oceanic slab which was 
attached to the European Platform (Nemcok, 
1993). Stress inversion studies (e.g. Nemcok, 
1993) indicate that the western part of the 
Carpathian arc developed by sinistral transpres- 
sion, while its frontal part underwent NE-SW com¬ 
pression. Whereas the western part of the CCPB 
was situated in a zone of sinistral transpression, its 
eastern part was located in a compressional zone 
(Fig. 10). The Paleogene to early Miocene stress 
fields computed by Nemcok and Nemcok (1994) 
show that a transition from NE-SW compression to 
N-S transpression is evident in the basin fill  

(Fig. 11). In this zone, as illustrated in Fig. 11, 
northeastward thrusting was accommodated by 
four large tear faults (strike-slip fault zones) which 
separate blocks with different uplift/erosion histo¬ 
ries. Thrust structures related to northeastward 
shortening developed w'ithin a 10-15 km-wide zone 
along the northern margin of the basin (south of the 
Pieniny Klippen Belt). Shortening of up to 70 per¬ 
cent has been calculated for this zone. The amount 
of material transport by thrusting decreases south- 
westwards and is accommodated by folding. In the 
remaining parts of the basin, only strike-slip faults, 
N-S striking dextral and NE-SW striking sinistral 



328 M. NEMCOK, J. F. KEITH. JR & D. G. NEESE: SLOVAK CARPATHIAN BASIN 

s 
& s .S a. 
a a. — 

CL. CQ 

Pucov Member 

| . . ' Biely Potok Formation 

: \ ;| Zuberec Formation 

WWW Huty Formation 

1 «• ;<  ,j Borove Formation 

20 (km) 
0 (km) 

1 

2 

- 3 

4 

FIG. 9. Geological cross section through Central Carpathian Paleogene Basin to 

the North of the Branisko Mts. For location see Fig. 4. 

FIG. 10. Block scheme of the Inner Carpathians with Eocene - Early Miocene 

stress trajectories with the position and present day shape of the Central Carpathian 

Paleogene Basin indicated (modified after Doglioni. 1992). 

Source: MNHN, Paris 



PERI-TETHYS MEMOIR 2: ALPINE BASINS AND FORELANDS 329 

faults, can be observed. Uplift, related to sinistral 

transpression, is indicated by apatite fission-track 
data (Krai, 1977, 1982; Burchart and Krai. 1982). 

The youngest preserved sediments of the basin 
fill  are early Oligocene in age. There is no evi¬ 
dence for continuous sedimentation during late 
Oligocene and Miocene times. Eggenburgian- 
Karpathian sediments are present in the Celovce 
area (Figs. 3 and 11), forming a small piggy-back 
basin carried by contemporaneously shortened 
Central Carpathian Paleogene slices. The sedi¬ 
ments record each thrust event by the occurrence 
of coarse-grained sediments in the sequence. Fur¬ 
ther subsequent shortening is evidenced by Eggen- 
burgian-Karpatian bedding becoming more highly 
inclined, often approaching vertical. Badenian sed¬ 
iments and younger rocks present in the area do 
not show any evidence of thrusting. Their deforma- 
tional features comprise only strike-slip and nor¬ 
mal faulting. Structural studies (Nemcok et al., 
1993) indicate that the normal faulting related to 
NE-SW extension spread in time progressively 
northeastward from the Carpathian hinterland. A 

similar scenario is indicated by hinterland volcan- 
ism of Egerian to Sarmatian age, which becomes 
progressively less contaminated by crustal material 
with time (Poka, 1988; Salters et al., 1988; J. Lexa, 
1994, personal communication). 

Sarmatian arc-related calc-alkaline volcanic 
rocks can be found as far to the northeast as the 
Pieniny Klippen Belt and indicate, together with 
structural data, that extension progressively affect¬ 
ed the area of the CCPB and the Pieniny Klippen 

Belt. Stress inversion studies (Nemcok et al., 1993) 
determined that during the middle-late Miocene the 
trajectory of extension sigma3 changed from NE- 
SW to WNW-ESE. 

Interpretation 

The CCPB development and subsequent over¬ 
print model is constrained by the structural evi¬ 
dence discussed above. During the Eocene to 

middle Miocene period, the ancestral West- 
Carpathians (present Inner West Carpathians) 
advanced northeastward over the subducting Euro¬ 
pean Platform. A tapering, foreland accretionary 

wedge, comprising the Pieniny Klippen Belt, 
Flysch Belt, and allochthonous parts of the fore¬ 
land molasse basin, formed as a result of progres¬ 
sive stacking of thrust sheets. Flysch depocenters 
were located immediately in front of the advancing 
ancestral Carpathians. The future Pieniny Klippen 

Belt area underwent significant uplift during early 
Eocene times, as indicated by apatite fission track 
data (Krai, 1983). This out-of-sequence thrust unit 
formed the northern boundary for the CCPB; this 
barrier was breached, however, during the early- 
middle Eocene by southwestward transgressions 
originating from the area of the Flysch Belt. Thus, 
the original CCPB formed since this time the prox¬ 
imal part of an extensive flysch depositional sys¬ 
tem (Rakus et al., 1990) which included regions of 
the future Pieniny Klippen Belt and the Flysch 
Belt. Differential thrusting in the Pieniny Klippen 
Belt out-of-sequence thrust unit is responsible for 
the different age of these transgressions in various 
parts of the CCPB in which the basal facies unit 
varies in age from Ypresian to Priabonian. For 
instance, the onset of basal facies deposition is 
Ypresian to Lutetian in the Zilina Depression 
(Gross et al., 1984; Samuel, 1985), Lutetian in the 
Orava and Sambron-Lipany area (Gross and 
Kohler, 1987) and Lutetian to Priabonian in the 
Liptov Depression, Levoca Mts., and Hornad 
Depression (Gross, 1985; Gross et al., 1980, 1982, 
1984; Marschalko, 1965, 1966, 1981; Marschalko 
and Radomski, 1970; Durkovic et al., 1984). Some 
parts of the Pieniny Klippen Belt are characterized 
by the same Ypresian-aged depositional succession 
as the CCPB, as for the Pribradlovy Paleogen in 
the Zilina Depression (Gross et al., 1984). These 
deposits are interpreted as indicative of channels 
which linked the external parts of the frontal accre¬ 
tionary wedge with the CCPB and cut through the 
Pieniny Klippen Belt. A similar channel is known 
from the eastern part of the basin, to the East of 
Plavnica, Sambron-Lipany area, where it is filled 
by upper Eocene-lower Oligocene flysch sedi¬ 
ments (Nemcok, 1989). Thus, the barrier provided 
by the Pieniny Klippen Belt probably consisted of 
an irregular chain of islands, which was significant 
enough to give rise to the development of diver¬ 
gent paleocurrent systems, controlling sedimenta¬ 
tion in the Flysch Belt and in the CCPB. 

The transgressive coastal onlap relationship 
between Paleogene sediments and the Mesozoic 
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nappes forming the basin floor can be observed in 
outcrops along the southern margin of the CCPB 
and is also evident in wells. The basin floor was 
characterized by a considerable topographic relief 
which was upheld by various Mesozoic carbonate 
units. Progressive drowning of this relief gave rise 
to the development of buried-hill features. In the 
Pieniny Klippen Belt, there is only minor evidence 

of a corresponding transgressive coastal onlap of 
Paleogene sediments (Gross and Kohler, 1987), 
due to a strong tectonic overprint. The middle 
Eocene to Badenian structural position of the 
CCPB within the ancestral Carpathians is shown in 

Fig. 12. The basin floor was in most of areas gen¬ 
erally inclined towards the Pieniny Klippen Belt 
(Figs. 9 and 12). However, a very dynamic evolu¬ 
tion of the CCPB is indicated by changes in subsi¬ 
dence and uplift rates for different sub-basins 
(Rakus et al., 1990; Marschalko and Korab, 1975; 
Gross et al., 1980; Marschalko, 1978; Marschalko 
and Misik, 1976; Samuel, 1985) and by shifting of 
their axes (Marschalko, 1978). Additional evidence 

for differential uplift of a southern clastic source is 
indicated by the occurrence of north-vergent slump 
blocks at different stratigraphic level. For instance, 
in the Zilina and Orava Depressions, the slump 
structures have a late Eocene to early Oligocene 
age (Samuel, 1985), in the Liptov Depression, their 
age is middle Eocene (Gross et al., 1980) to late 
Eocene-early Oligocene (Gross et al., 1980, 1982), 
and in the eastern portion of the basin, syndeposi- 
tional slump structures occur in the middle Eocene 

Borove Formation (Marschalko, 1965; Gross and 
Marschalko, 1981; Marschalko et al., 1966), in the 
middle Eocene-upper Eocene Huty Formation 
(Marschalko, 1965; Marschalko et al., 1966), in the 
upper Eocene Zuberec Formation (Gross, 1964. 
1965; Marschalko, 1966; Marschalko and Radoms- 
ki, 1970; Gross and Marschalko, 1981) and in the 
upper Eocene-lower Oligocene Biely Potok For¬ 
mation (Gross et al., 1982; Marschalko, 1965, 
1981). Clastic supply to the basin from southern 
sources was controlled by channels, as evident by 
lateral thickness and lithology changes of the 
flysch series. 

After subsidence of the CCPB had ceased in 
early Miocene times, the Central Carpathian piggy¬ 
back basin was overprinted by multiple tectonic 
phases which accompanied eastward movement of 
the Carpatho-Pannonian plate during the late phas¬ 

es of the Carpathian orogeny (Fig. 12). At the same 
time, while new portions of the remnant Outer 
Flysch Basin and molassic foreland basin were 
accreted to the frontal accretionary wedge, the tec¬ 
tonic setting of the CCPB changed from a region 
of the frontal accretion to a region of hinterland 
extension (Fig. 12). In the western portion of the 
CCPB, this change had a different character and 
progressed from frontal transpression to transten¬ 
sion. 

The complexity in the later erosional history 
of different sub-basins is indicated by the fact that 

various structural remnants or sub-basins lack 
some units of the original basin-fill. The Zilina, 
Orava, and Liptov Depressions in the west have 
undergone the greatest Neogene uplift and erosion 
as indicated by Figures 7a and 8. In the Zilina 
Depression, portions of the sedimentary succession 
above the Zuberec Formation have been removed 
by erosion. This is also true for the southern part of 
the Orava Depression. The Biely Potok Formation 
is absent from the Liptov Depression. Moreover, 
the uppermost known portion of the Biely Potok 
Formation does not represent the final regressive 
phase of the basin-fill sequence (Gross and 
Marschalko. 1981; Gross et al., 1980). The thick¬ 
ness of the final regressive facies, although 
unknown, should be added to the stratigraphic 
units when constructing a subsidence and thermal 
model. Vitrinite reflectance data (Fig. 13) suggest 
that in the Sambron-Lipany area 1.5 to over 2 km 

of sediments have been removed by Neogene ero¬ 
sion (Francu and Muller, 1983; Korab et al., 1986). 

After the middle Eocene-early Miocene peri¬ 
od, the eastern part of the CCPB was affected by 
extension while frontal shortening continued 
(Fig. 12). At the end of the middle Miocene, the 
direction of the extension changed from a NE-SW 
to WNW-ESE orientation, driven by the subduc- 
tion roll-back in the eastern parts of the Carpathian 
Arc (Royden et al., 1982, 1983a. 1983b; Nemcok, 
1993). During the middle Miocene, the Vysoke 
Tatry Mountains (Fig. 3), located within the CCPB, 
were uplifted and subjected to erosion, as indicated 
by apatite Fission track data (15 Ma; Cambel et al., 
1990). Palaeocurrent patterns in the basin indicate 
that the Vysoke Tatry structure did not exist during 
the Paleogene. 

Data from the western part of the CCPB indi¬ 
cate a different tectonic history. The middle 
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FIG. 12. Sketch profiles through eastern part of West-Carpathians showing north¬ 

eastward migration of the region of hinterland extension through time (modified 

after Doglioni, 1992). 

Source: MNHN. Paris 
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Eocene to early Miocene period was characterized 
by sinistra! transpression. Apatite fission track data 
from the Mala Fatra Mts. and Velka Fatra Mts. 
(Fig. 3) indicate that their uplift was active already 

during early Miocene times (Cambel and Krai, 
1989). 

Earthquake focal mechanisms indicate that 
horizontal N-S compression and W-E extension 
affect the area of interest (Gutdeutsch and Aric, 
1976). Remeasurements of geodetic polygons indi¬ 
cate uplift in the western parts of the CCPB and 
coeval subsidence of its eastern portions 
(Kvitkovic and Plancar, 1979). 

APPRAISAL OF THE PETROLEUM POTEN¬ 
TIAL  OF THE CENTRAL CARPATHIAN 

PALEOGENE BASIN 

Reservoir rocks are present within the CCPB 
fill  and in the older, underlying sedimentary suc¬ 
cession of the basin floor (Keith et al., 1991). 

Reservoirs observed within the Paleogene 
sequence are 

(1) coarse clastic and carbonate units of the 
basal transgressive Borove Formation, 

(2) sandstone and rare conglomerate units of 
the Zuberec and Biely Potok Formations, 
and 

(3) coarse clastic turbidites of the Pucov Fans. 

The quality of these reservoirs is fair to poor 

with an average porosity of 8 to 10% Reservoirs 
observed in units outside Paleogene sequence 
include: 

(1) Eggenburgian and Karpatian sandstone 
and conglomerate of local extent in the 
Presov and Celovce areas (Fig. 3) and 

(2) Mesozoic carbonate forming the basin 
Boor which have average porosity from 1 
to 14.5%. In most cases, the porosity of 

these carbonate reservoirs has been enhanced 
by fracturing. Along southern margin of the 
CCPB, there is evidences for their pre-trans- 
gressional karstification. 

Seals within the Paleogene sequence are rep¬ 
resented by shale of the Huty, Zuberec, and Biely 
Potok Formations. Other potential seals are repre¬ 
sented by the Eggenburgian and Karpatian shale of 
the Presov and Celovce areas. 

The quality of source-rocks within the CCPB 
sequence was determined by a limited amount of 
scattered data collected by various agencies in Slo¬ 
vakia mainly in the Sambron-Lipany area. Values 
of the total organic carbon content (TOC) varies 

between 0.1 to 1.5% for the fine-grained flysch 
elastics of the Zuberec Formation ( 14). In the 
Menilit shale member of the Huty Formation, 
TOCs of 1.1 to 10.3% were reported (Simanek et 
al., 1981; Hokr, 1981). Data for the Biely Potok 
and Borove Formations are not available. Shales of 
the Huty Formation, the best and thickest source- 
rock of the CCPB fill,  has rather large areal extent 
within sub-basins, as indicated by Figures 8 and 9. 
The ratio of hydrogen and oxygen indexes of the 
samples from the Zuberec Formation (Fig. 15) 
indicates that type III  kerogen (terrestrial) is preva¬ 
lent with some samples indicating type II kerogen 
(marine-phytoplanktonic and zooplanktonic). 
However, it should be mentioned that interpreta¬ 
tion of a hydrogen/oxygen index diagram in terms 
of type of organic matter is very hazardous, espe¬ 
cially in the face of low TOC (matrix effect) and a 
high degree of maturation (Bessereau, personal 
com.). Various Mesozoic source-rocks have a 
rather low TOC (0.1-0.6%) and type II/III  kerogen 
(Keith et al., 1991). 

Potential traps can be subdivided into structur¬ 
al, stratigraphic, and combination structural/strati¬ 
graphic types. Structural traps are formed by: 

(1) high-side thrust and anticlinal traps in a 
10-15 km wide zone along the northern 
margin of the basin, 

(2) high- and low-side normal fault traps in 
the remaining parts of the basin, and 

(3) strike-slip fault and drag fold traps. 
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Sambron bore 

hole PU-1 

Zuberec Formation 

Pucov member 

T.D. 

FIG. 13. Plot of vitrinite reflectance (Ro versus depth) for the Sambron PU-1 

borehole (after Francu and Muller, 1983). 

FIG. 14. Histogram of Total Organic Carbon (TOC) content of the 

Zuberec Formation in the Sambron-Lipany area (after Keith el al„ 1991). 

Source: MNHN. Paris 
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FIG. 15. Plot of Hydrogen Index versus Oxygen Index for the Zuberec forma¬ 

tion in the Sambron-Lipany area (after Keith et al.. 1991). 

Stratigraphic traps are represented in the form 
of 

(1) Pucov fans, 
(2) turbiditic sandstone units, 
(3) carbonate buildups on topographic highs 

and 
(4) buried hills upheld by Mesozoic carbon¬ 

ates. 

Combination structural/stratigraphic traps 

include folded Pucov fans and turbiditic sandstone 
units pinching-out on thrust toes. 

Both horizontal and vertical migration paths 
can be envisaged. Lateral migration may have 
occurred through coarse-grained clastic units, 
along thrust planes, or along subhorizontal decolle- 
ments. Vertical migration paths may be provided 

by highly permeable fractured zones, associated 
with strike-slip and normal fault systems. 

Maturity analyses were only available from 
the Sambron, Lipany, Saris area (Fig. 3). As indi¬ 
cated by geohistory modeling, the maturity of the 
source-rocks in the basin sequence varies consider¬ 
ably due to individualized subsidence, structural 
and erosional histories of the different sub-basins 
of the CCPB. This variability is best indicated by 
the pyrolysis Tmax determinations on borehole and 
surface samples in the structurally complex Sam¬ 
bron-Lipany area (Fig. 16). The location of wells 
discussed is shown in Fig. 4. Structures of this area 
comprise stacks of steeply dipping slices (Fig. 9), 
cut by a system of strike-slip faults (Fig. 3), 
accommodating inhomogeneous shortening. Burial 
histories of individual structures are highly vari¬ 
able.as indicated by Tmax values which range 
from the top of the oil window (well Lipany-2), to 
within the oil window (surface, wells Lipany-3, 5, 
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1 max (°C) A Saris-1,  Plavnica-1, 

9 Lipany-1, # Lipany-2, O Lipany-3,  Lipany-4,  Lipany-5, A Surface 

FIG. 16. Plot of Tmax versus depth for the Zuherec Formation from hore hole 
and surface data in the Saris-Lipany area (after Keith ct a!.. 1991). 

Saris-1), the bottom of the oil window (well Lipa¬ 
ny-4), to the wet gas zone (well Lipany-1) or even 

higher maturity levels (well Plavnica-1). Analyzed 
samples were shales of the Huty and Zuberec For¬ 
mations. Vitrinite reflectance data from the Sam- 
bron PU-1 borehole (Francu and Muller, 1983), 
mostly from the Zuberec Formation, indicate oil 
maturity to the onset of wet gas generation. Hydro¬ 
carbon generation modeling by BasinMod  was 
carried out for most of areas; how-ever, analytical 
data were only available for the Sambron-Lipany 
area. Figure 17 shows two models for the Lipany-1 
well. Model A, is a simple one which assumes only 
sedimentary burial and erosion events (sed. mod.) 
and provides approximate results, whereas model 
B estimates sedimentary and tectonic burial and 
erosion (thrust mod.). Estimates of 1.5 km of miss¬ 
ing sedimentary sequence, as indicated by vitrinite 
reflectance data (Francu and Muller, 1983; Korab 
et al., 1986), were taken into account. This is a 
lower limit of the suggested missing thickness 
range. As compared with analytical data (Fig. 16), 
an upper limit of missing strata of about 2-2.5 km 
appears to be appropriate. 

Similar modeling, trying to estimate the miss¬ 
ing parts of the sequence and taking the general 
asymmetry of the CCPB into account (Figs. 9 and 

12), indicates that the Huty Formation and lower 
part of the Zuberec Formation entered the oil gen¬ 
eration window at 30.5-27 Ma (sed. mod.) and 25- 
21 Ma (thrust mod.) in the Orava region, 
31.5-31 Ma (sed. mod.) and 32-31 Ma (thrust 
mod.) in the Levoca Mis., 30 Ma (sed. model) and 
23.5 Ma (thrust model) in the Sambron area, 
29.5 Ma (sed. mod.; Fig. 17a) and 24.5 Ma (thrust 
mod.; Fig. 17b) in the Lipany area, 10 Ma (sed. 
mod.) and 13 Ma (thrust mod.) in the Celovce area, 
and 13.5 Ma (sed. mod.) and 15.5 Ma (thrust mod.) 
in the Presov Depression. The Huty Formation and 
lower part of the Zuberec Formation entered the 
gas generation window at about 20 Ma (sed. mod.) 
and 19-12 Ma (thrust mod.) in the Levoca Mts. In 
contrast, these source-rocks never reached the oil 
generation window in the Zilina, Liptov and 
Poprad depressions. 

Fig. 17a indicates that, according to both mod¬ 
els, the Lipany area is within the liquid hydrocar¬ 
bon-generation window (sed. mod.: at depths of 
2-2.8 km; thrust mod. at depths of 1.6-2.8 km). 
Here, the deformation occurred during middle 
Eocene to middle Sarmatian lime (49-12.5 Ma), 
with the strongest shortening taking place between 
middle Eocene to Burdigalian times (49-17 Ma). 
As in other areas, hydrocarbon generation appears 

Source: MNHN, Paris 
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to have been contemporaneous with structural trap 
formation. Different ages of hydrocarbon genera¬ 
tion in Celovce area and Presov Depression are 
caused by lower thicknesses of the Paleogene 
sequence and the lower Miocene burial. 

CONCLUSIONS 

The evolution of the CCPB was governed by 

the convergence of the African, the Apulian, and 
the European plates during the Alpine orogenic 
cycle. Main phases of the basin evolution can be 

summarized as follows: 

(1) The morphology of the CCPB floor devel¬ 
oped during the Late Cretaceous as a con¬ 
sequence of the emplacement of 
pre-Senonian Inner Carpathian nappes and 
by Late Cretaceous shortening of the 

Pieniny Klippen Belt. 
(2) During the Paleogene, the West Carpathi¬ 

ans thrust sheets advanced progressively 

towards the European Platform. Differen¬ 
tial shortening and uplift of the area of the 
future Pieniny Klippen Belt, together with 

the emergent Inner Carpathians, accompa¬ 
nied the subsidence of the CCPB piggy¬ 
back basin. The irregular island chain of 

the Pieniny Klippen Belt forming its north¬ 
ern boundary, was an effective barrier that 
created divergent paleocurrent systems in 
the Flysch Belt and the CCPB. In the latter 
over 4000 m of Eo-Oligocene sediments 

accumulated. 
(3) Subsidence and sedimentation patterns in 

the CCPB were controlled by active thrust 
tectonics resulting in shifting of the basin 

axis, uplift of some areas and progressive 
basin shortening. During Oligocene- 
Egerian time, this basin was deformed and 
uplifted to the extent that sedimentation 
ceased and its fill  was subjected to erosion. 
However, continued tectonic activity was 
accompanied by the development of strike- 

slip faults which accommodated the unequal 
north- or northeast-vergent thrust motion of 

different slices. 
(4) During the Paleogene-Karpatian period, 

the Pieniny Klippen Belt was detached 
from its substratum and shortened. At the 
same time, the CCPB, the Flysch Belts, 
and some of the foreland molasse units 
were shortened. Maximum shortening 
occurred in the Pieniny Klippen Belt and 
the proximal parts of the Flysch Belt. 

(5) At the end of the early Miocene, the area 
of the CCPB was progressively affected by 
extension, which spread from the hinter¬ 
land and accompanied shortening of the 
frontal accretionary wedge. The last signif¬ 
icant shortening in the Zilina and Orava 
parts of the Carpathian arc occurred during 
the late Badenian. Final shortening 
occurred in the area north of the Vysoke 
Tatry during the early Sarmatian and in the 
area east of the Vysoke Tatry during the 
middle Sarmatian (Nemcok et al., 1993). 
Later, NE-SW extension, accommodating 
frontal shortening, changed orientation to 
WNW-ESE, driven by subduction roll¬ 
back in the eastern parts of the Carpathian 
arc (Royden et al., 1982, 1983a, 1983b; 

Nemcok, 1993). 

The hydrocarbon habitat of the CCPB can be 
summarized to include the following play concept 

elements: 

(1) Good seals are abundant and are scattered 
throughout the entire fine-grained portion 
of the sedimentary succession. 

(2) Poor to fair quality reservoir units are 
developed which have poorly constrained 
shapes and are not easily predicted, partic¬ 
ularly within the lower portion of the sedi¬ 

mentary succession. 
(3) Fair to excellent source-rock horizons have 

been identified; however, they are not dis¬ 
tributed throughout the sedimentary col¬ 
umn. Although oil has been discovered in 

the basin, it appears to be more gas prone. 
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Zubcrcc Formation 

and Pucov Member 

together 

Borovc Formation 

t=0 

FIG. 17. BasinMod  geohistory curve from Lipany-1 bore holcdata (after Keith 

et al., 1991); a) sedimentary burial and erosion model, b) sedimentary and tectonic 

burial and erosion model. 

Source: MNHN. Pahs 
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(4) Both vertical and horizontal migration 

paths are provided for by faults and/or 
stratigraphic relationships. 

(5) Traps were formed prior to or contempora¬ 

neously with the maturation of the source- 
rocks and the expulsion of hydrocarbons. 

(6) Neogene tectonics, uplift and erosion may 
have caused destruction of some pre-exist¬ 
ing accumulations. 
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